Abstract: 2S albumin is a low-molecular-weight seed storage protein belonging to the prolamin superfamily. In the present work a small 2S albumin (WTA) protein of ~16 kDa has been purified from the seeds of Wrightia tinctoria. The WTA is a heterodimer protein with a small subunit of ~5 kDa and a larger subunit of ~11 kDa bridged together through disulphide bonds. The protein exhibits deoxyribonucleases activity against closed circular pBR322 plasmid DNA and linear BL21 genomic DNA. The protein also showed antibacterial activity against Morexalla catarrhalis. CD studies indicate a high α-helical content in the protein. The conserved disulphide bonds in the protein suggest that the WTA is highly stable under high pH and temperature like other 2S albumin.
INTRODUCTION
Wrightia tinctoria is a small deciduous tree, widely distributed all over the world and this particular species is profoundly present through-out the Indian continent [1] . Different parts of this plant have been exploited for the extraction of several biological active compounds such as ursolic, betaamyrin, blue Indigo dye, several phytosterols and alkaloids [2] [3] [4] [5] . Particularly seeds are effectively used as therapeutic agents in skin disease like psoriasis and non-specific dermatitis.
Plant seeds have globulins, chitinases, Kunitz-type inhibitors, β-1,3-glucanses, defensins, lipid transfer proteins, ribosomes inactivating proteins and 2S albumins which help them during seedling growth, development and to provide protection against pathogens [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Antimicrobial peptides (AMPs) isolated from seeds, roots, leaves and flowers are active against the pathogenic organisms like bacteria, fungi, viruses, protozoa and neoplastic cells [16] . These AMPs are 15-37 amino acid peptide fragments, globular in nature and contain a large number of disulphide bonds; these bonds provide them the structural stability under stress conditions. The presence of positive *Address correspondence to this author at the Department of Biotechnology, Indian Institute of Technology Roorkee, Roorkee, Uttarakhand-247667, India; E-mail: pravshai@gmail.com # These authors contributed equally to this work. charged amino acids residues (~17%) and high content of cysteine are the key features which play a significant role in deciphering the antipathogenic activity [17, 18] . The defensins, lipid transfer proteins, thionins, cyclotides, snakins, and hevein-like proteins are some of the examples of plant AMPs. These may be specific in their choice of pathogenic interaction. Some peptides (e.g., γ-thionin SIα1 from Sorghum bicolor, Mj-AMP1 from Mirabilis jalapa L. and PAFP-S from Phytolacca americana) acts against both bacteria and as well as fungi while other peptides (γ-thionins) acts specifically against fungus [19] .The knottin type peptides (Mj-AMP1 and PAFP-S) contains 6 disulphide linkage and a triple-stranded, antiparallel beta-sheet with a long loop region in the structure. The PA1b isolated from P sativum contained six cysteine residues; this peptide blocks the ATPase proton pump of vacuolar membrane and kills weevils and mosquitoes [20] . Apart from smaller peptides, 2S albumin identified from different variety of plant species also show antipathogenic activity. The protein shares sequence similarity with LJAMP1, peptide extracted from seed Leonurus japonicas showed inhibition of A. alternata, C. personata, and A. niger [21] .
2S albumins are water-soluble seed storage proteins (SSPs) belonging to the prolamin superfamily, which are widely distributed among mono-and dicotyledonous plants [22, 23] . Prolamins are categorized as either based on the electromobility on SDS-PAGE gels as (10, 13, and 16 kDa) or based on amino acid sequence similarity maize γ2-zein type (16 and 13 kDa prolamins) or δ-zeins (10 kDa prolamins) [24] . These proteins are synthesized over rough ER and transported inside the lumen where they undergo proteolytic cleavage of N-terminal and C-terminal signal sequence; and forms disulfide bonds [25, 26] . They are deposited in protein bodies of developing seeds and subsequently utilized during the germination of plant as a source of nitrogen and carbon [27] . These possess a globular alpha helical structure, hetrodimeric in nature but share very low sequence homology [28, 29] . The gene encodes a preproprotein consisting of a large subunit of ~ 8-10 kDa and a small subunit of ~ 3-5 kDa; both these subunits are linked together through disulfide bond. The 2S albumins generally have conserved set of cysteine residues which forms four disulfide bridges; two inter-chain bridges found between smaller and larger subunit; and other two intra-chain bridges present within the larger subunit [30, 31] . Apart from this, 2S albumins performs plethora of functions such as antibacterial, antifungal and antitryptic and serine protease inhibitory activity as reported from different plant species [32] [33] [34] [35] . The exact mechanism of the antifungal and antibacterial activity of 2S albumins is not well characterized. However, key features like low molecular weight, disulfide bonding and high content of cationic amino acids residues indicates that these proteins may perform antimicrobial activity [33] . The antipathogenic activity of 2S albumin has been reported from Raphanus sativus, Brassica napus, Triticum aestivum, Hordeum vulgare, Cucurbita maxima and Putranjiva roxburghii [34] [35] [36] [37] . 2S albumins also possess an α-amylase inhibitory activity and acts as calmodulin antagonist [38, 39] . Recent literature reports have shown that these small proteins have anticancer, DNase and RNA hydrolytic activities [36, 37] .
Additionally being a storage protein in seeds 2S albumins contributes in animals and human nutrition. Most of the 2S albumins have a high content of sulphur containing amino acids. Bertholletia excels (Brazil nut) 2S albumin has higher amount of methionine and several attempts have been made through genetic engineering approach to improve the nutritional quality of Glycine max and Arabidopsis thaliana seeds, but a major problem associated with the 2S albumins is their intrinsic allergenicity [40] . Due to the presence of disulphide bonds and their compact globular structure (α-helical) these proteins can survive and tolerate the harsh conditions like acidic pH and maintains their α-helical structure at very high temperature range and sensitize the gastrointestinal tract [41, 42] . So insights on the their structural and physicochemical characteristics is critically needed to explore potential allergenic nature of the protein.
The small size, enhanced stability at high temperature or pH and multifunctional behaviour (DNase, RNase, antimicrobial and anticancer) of 2S albumins mark them as attractive target for biotechnological applications. In this present work a heterodimeric 2S albumin (WTA) has been purified from the seeds of Wrightia tinctoria. WTA possess deoxyribonuclease and antibacterial activities. The sequence derived from ESI-MS was utilized to build WTA model. We identified the regions responsible for its deoxyribonuclease and allergenic behavior.
MATERIALS AND METHODS

Purification of WTA
The seeds of Wrightia tinctoria were purchased from local market and soaked overnight in buffer (50 mM Tris buffer pH 7.5, 10% glycerol, 10 mM MgCl 2 , 0.1 mM PMSF). After the removal of seed-coat, the kernels were minced by mortar and pestle in same buffer. The crude extract was subjected to stirring for 6 h at 4°C, followed by centrifugation at 12,000 rpm, 4°C for 2 h to get a clear supernatant, avoiding the precipitants and the upper oil layer. In first step of purification, clear supernatant was loaded onto the anion exchange chromatography column (MacroPrep DEAE matrix, Bio-Rad Laboratories, Hercules, CA, USA), which was pre-equilibrated in same buffer. The flowthrough was collected and subsequently subjected to ammonium sulfate precipitation step in which different percentage of ammonium sulfate (0-20%, 20-40%, 40-60% and 60-80%) was added. The protein of interest was precipitated at saturation value of 20-40%, and this fraction of protein was dialyzed against buffer (50 mM Tris buffer pH 7.5, 10 mM MgCl 2 ) at 4°C for 12h with continuous stirring and changing the fresh dialysis buffer at regular intervals. For the final step of purification i.e size exclusion chromatography, the dialyzed fraction was pooled and concentrated upto to final volume of 1ml using 3kDa cutoff Amicon Ultra-15 concentrator (Millipore, USA). Protein sample was centrifuged at high speed at 4°C for 15 min. Then loaded onto the preequilibrated Superdex 75 column (HiLoad 16/60 prep grade, GE healthcare), 2ml fractions were collected by AKTA purifier system (GE healthcare) with a flow rate 0.5 ml/min and absorbance was recorded at 280nm.
To determine the relative molecular mass and to check the purity of protein 15% SDS-PAGE was performed with Bio-Rad electrophoresis unit at room temperature for 3h. Protein samples were prepared in reducing and non-reducing conditions i.e with presence and absence of β-mercaptoethanol in sample loading dye. Protein concentration was determined by Bio-Rad method with BSA used as the standard.
Far-UV Circular Dichroism Spectrum
Circular dichroism study was performed for secondary structure determination by using Chirascan circular dichroism spectrophotometer (Applied Photophysics, UK). Pure protein (0.2 mg/ml) in 20mM Tris buffer (pH 7.5) and buffer only both were filtered through 0.45µm (Millex syringe filter) before recording the spectra. A region of far-UV (180-260nm) were recorded using 1mm quartz cell with the bandwidth of 1nm and the average time was 3 sec at 25°C. First a baseline was set up with the 20mM Tris buffer, then three scans were recorded and averaged and for both samples i.e. Buffer only and Protein. To analyze the final spectra of protein, buffer spectra averaged values were subtracted from the protein averaged values. The obtained data were analyzed using the software K2d (http://kalel.ugr.es/k2d/k2d.html) [43] .
Assay for Deoxyribonuclease Activity
2S albumin from Putranjiva roxburghii showed DNase acitivty [36] . Similar procedure was followed to check the DNase activity of WTA for both closed circular DNA (pBR322 plasmid vector DNA) and linear dsDNA (BL21 genomic DNA). The activity was performed by incubating, both type of DNA samples of 1µg concentration (pBR322 plasmid vector DNA and BL21 genomic DNA) with increasing concentration of pure WTA protein (0.5, 1.0 and 2.0µg) in 50 mM Tris buffer (pH 7.5) for 60 min at 37 °C in total volume of 15µl reaction mixture. pBR322 plasmid DNA and BL21 genomic DNA in buffer were taken as negative control. The reaction was stopped by adding Ficoll solution (30% Ficoll, 0.25% xylene cynol FF, 0.25% bromophenolblue, 0.2M EDTA). Then samples were loaded on 1% agarose gel with TAE running buffer in non-denaturating conditions at 60 volt for 45 min in a horizontal electrophoresis system (BioRad). To study the effect of various divalent cations on DNase activity of WTA for linear dsDNA, reaction was set up in presence of different metals (MgCl 2 , CaCl 2 , CuCl 2 , MnCl 2 , CoCl 2 , ZnCl 2 ) 25mM each. For control, the DNA with protein in 50 mM Tris buffer (pH 7.5) was taken.
Assay for Antibacterial Activity
Antibacterial activity of WTA was determined against Morexalla catarrhalis Gram -ve and Bacillus subtilis Gram +ve bacteria by agar diffusion disc method. All media, 50 mM Tris-HCl buffer and ~6mm Whatman filter paper discs were autoclaved and protein was sterilized through 0.22µm syringe filter and diluted in different concentration from 1mg ml -1 stock. Overnight grown bacterial culture were diluted and 200ul of 10 8 CFU/mL cell suspension was spreaded onto the Luria-Bertini medium plates and paper disc were impregnated with different concentration (25 µg, 50 µg, 100 µg and 250 µg) of protein and Tris-buffer and kanamycin (20 µg) were used as negative and positive control respectively. The plate was incubated at 37 °C for 16 h and clear zone of inhibition was observed. To determine the minimum inhibitory concentration (MIC) of WTA against M. catarrhalis, 96-well microdilution assay in polystyrene plate was performed in triplicate and evaluation of the growth after16h was measured by the microplate reader at 600 nm. Varying concentration of WTA was used from 250 µg ml -1 to 5 µg ml -1 and the lowest concentration of WTA which inhibit the growth of bacteria was considered as the MIC.
Partial Internal Sequencing
The purified WTP was electrophoresed on 15% SDS-PAGE. The protein bands were excised and partially digested by Trypsin. The partially digested peptides were subjected to ESI-MS followed by reverse phase separation. The data obtained was analyzed by MASCOT search engine. For this purpose, the protein sequencing facility at National Botanical Research Institute, Lucknow, India was used. The obtained peptidic fragments were compared against the available ESTs database of Wrightia tinctoria [44] .
Sequence Analysis
The amino acid sequences showing significant similarities were obtained through pBLAST (http://blast.ncbi.nlm.nih.gov/Blast/). Multiple sequence alignments were made using MultAlin with default parameters [45] . ESPript was used for representation of alignment [46] . For identification of the signal peptide sequence, preproprotein complete sequence was submitted to SignalP 4.1 server (http://www.cbs.dtu.dk/services/SignalP/) [47] . Theoretical isoelectric point and molecular weight of protein without signal peptide was obtained using ExPASy pI server (http://web.expasy.org/compute_pi/) [48] .
Model Building
The model of WTA was build by Modeller 9.14 program using the RicC3, a 2S Albumin Storage Protein from Ricinus communis as template [49] . Twenty models were generated and the best model was selected based on the DOPE score and visual inspection. The model was energy-minimized with Standard Dynamics Cascade tool of Discovery Studio suites, which uses CHARMm forcefield. Stereochemistry of the model was checked by analyzing the Ramachandran Plot through the RAMPAGE webserver (http://wwwcryst.bioc.cam.ac.uk/rampage) [50] .
Epitope Mapping
The Bcell epitope of the 2S albumin was predicted using Bepipred Linear Epitope Prediction webserver [51] . The server predicts the position of linear B-cell epitopes using a combination of a HMM and a propensity scale method. The residues scoring above the threshold 0.35 are predicted to the involved in forming epitope.
RESULTS AND DISCUSSION
Purification of WTA
Three steps purification process involving ion exchange chromatography, ammonium sulfate precipitation and gel filtration chromatography were employed to get the pure form of WTA in homogeneous condition. In ion exchange chromatography (anion-exchange) most of the impurities were bounded with DEAE matrix; and targeted protein (WTA) came out in unbound fraction (flow-through). The flow-through was subjected to ammonium sulfate precipitation, which reduced the volume as well as further impurities. The WTA along with other protein samples precipitated out at a saturation value of 20-40% of ammonium sulfate precipitation. This fraction was then loaded onto Superdex 75 column, the pure and homogeneous form of WTA was eluted at volume ~85.4 ml (Figure 1) . The molecular mass, purity and presence of possible disulfide bonds between the smaller and larger subunit were analyzed on the 15% SDS-PAGE. A single band ~16 kDa in non-reducing condition and two bands of ~11 kDa and ~5 kDa in reducing were observed (Figure 1) . This indicates that the protein is a heterodimer having a larger and smaller subunit connect together through disulphide bridges which gets reduced in the presence of β-mercaptoethanol. The literature reports that members of 2S albumin family have two subunits of variable length, which is connected through disulphide linkage [28, 29, 36, 37] .
Secondary Structure Analysis
To elucidate the secondary structure of WTA Far-UV circular dichroism (CD) was used. The CD spectrum of WTA from (180 to 260nm) at 0.20 mg/ml showed negative peaks at around 208 and 222 nm which demonstrates that protein consist of α-helices ( Figure 5A) . The deconvolution of CD data with K2d program indicates the presence of α-helix and loops in the protein (http://www.embl.de/~andrade/ k2d.html) [43] . The K2d estimations indicate that WTA contains α-helices and the overall fold is similar to the known plant 2S albumin [49, 52] .
Deoxyribonucleases Activity
The low-molecular-weight pathogenesis-related proteins from Capsicum chinense have been found to show the dual DNase/RNase activity [53] . Therefore the DNase activity of WTA was tested against closed circular pBR322 plasmid DNA and linear BL21 genomic DNA. The pBR322 plasmid DNA at the lowest concentration (0.5 µg) of WTA showed three bands of variable intensities. The upper two intense bands correspond to nicked and linear form of DNA whereas the lesser intensity lower band corresponding to close circular supercoiled form of DNA. As the concentration of WTA was increased in reaction mixture, only two bands corresponding to nicked and linear form of DNA where observed. This suggests that, the increasing the concentration of WTA protein is leading to hydrolysis of pBR322 plasmid ccDNA and formation of nicked and linear form of DNA ( Figure  2A) . The varied concentration of WTA also hydrolyzed BL21 genomic DNA. The complete hydrolysis was achieved by adding 2µg concentration of WTA protein. Thus WTA protein exhibited DNase activity against close circular pBR322 plasmid DNA and BL21 genomic DNA ( Figure  2B ).
The presence of metal ion enhances the DNase activity of the 2S albumin. The effect of monovalent and divalent ions on the DNase activity has been shown in figure 2C . The divalent cations like CoCl 2 and MnCl 2 favors the DNase activity of the WTA to the maximum, followed by MgCl 2 and CaCl 2 . In the presence of ZnCl 2, DNase activity of WTA was reduced. This activity got completely lost in presence of CuCl 2 . The monovalent cation like NaCl and KCl also favor DNase activity of WTA. A similar effect was observed on the earlier reported DNase activity of 2S albumin of pumpkin and Putranjiva roxburghii was also enhanced by the divalent MgCl 2 , MnCl 2 , metal ions and inhibited in the presence of ZnCl 2 [36, 37] .
Antibacterial Activity of WTA
Albumin purified from Sesamum inidicum and Brassica chinensis showed antibacterial activity against human pathogenic bacteria but not against any fungi [54] . To test the antibacterial potency of WTA, the antibacterial activity was tested for Gram negative (Morexalla catarrhalis) and Gram positive (Bacillus subtilis) bacteria.
It was found that WTA exhibited antibacterial activity against Morexalla catarrhalis and no activity was observed against Bacillus subtilis. Moraxella catarrhalis is an upper respiratory tract commensal organism which has been tar- geted for vaccine development [55] . The outer membrane of Gram-negative bacteria is made up of lipid A, oligosaccharide core and O-antigen [56] . The inhibitor screening studies have been carried out against 3-deoxy-D-manno-octulosonate 8-phosphate phosphatase and UDP-N-acetylglucosamine acyltransferase targets of the organism [57, 58] . A clear zone of inhibition at 100µg (~18mm) and 250µg (~20mm) concentration of WTA against Morexalla catarrhalis and positive control were observed and no inhibition zone was observed around negative control (Figure 3) . IC 50 value of WTA calculated by the microdilution plate method was approximately100 µg ml -1 .
The Partial Internal Sequencing
For sequence determination the WTA protein was subjected to ESI MS studies. The two peptide stretches I/L F Q/K E Q/K V R and N I/L P Q/K E C N I/L G T E C Q/K I/L R were obtained from ESI MS (Figure 4) . These two peptide fragments showed a clear match with CCPN1489.g1 CCPN Wrightia tinctoria developing embryos (L) Wrightia tinctoria cDNA clone CCPN1489 3-, mRNA sequence using BLAST search against the EST database of Wrightia tinctoria (taxid 653463). The translation of the 740 bp long EST sequence using ExPASy translate tool yielded a 172 residues long protein sequence (Figure 5 ).
Sequence Analysis
The translated sequence was used as a query for InterPro Database. The search result indicated the region contain 40-162 residues in WTA possess seed storage helical domain (IPR016140) and bifunctional trypsin/alpha-amylase inhibitor helical domain (IPR013771). The pBLAST was used to identify the nearest homologs of WTA protein. The WTA (172 amino acid) showed homology with 2S seed storage protein from Nicotiana sylvestris (38%), Ricinus communis (32%), Carya illinoinensis (34%) etc. Both the results confirmed that WTA belongs to 2S albumin family.
Albumins are encoded as a pre-pro-polypeptide sequence. Therefore, to predict the signal peptide region of the WTA protein, the 172 residues long sequence was submitted to signalP 4.1 server. The results obtained from signalP 4.1 server showed that WTA polyprotein consist of 19 amino acid long hydrophobic signal peptide sequence "MAKLAVVMVLVALLAVVQA" located at the Nterminal region. The cleavage of this signal peptide takes place at the C-terminal end of the Ala19 which release a proprotein of 153 residues (Ser20-Phe172).
Apart from this, pro-albumin also possess two vacuolar cleavage sites that have already been reported in other members of 2S albumin seed storage proteins 26 . Sequence comparison showed that these two cleavage sites are located at the C-terminal end of residues Asp33 and Asn74 in WTA sequence. The cleavage at Asp33 of WTA converts the proprotein to mature protein, whereas cleavage at Asn74 divides the mature WTA protein into a smaller subunit of 42 residues and a large subunit of 97 residues. The theoretical molecular weight and pI of 172 amino acid long protein, i.e. pre-pro-protein was 19 kDa and 8.47 respectively. In contrast to this, the theoretical molecular weight and pI of mature protein was ~15.9 kDa and 8.71 respectively; whereas that of smaller subunit are 5 kDa and 9.69; and larger subunit are 10 kDa and 6.74, respectively. This signifies that the smaller subunit is basic whereas the larger subunit is slightly acidic in nature. Sequence corresponding to mature WTA protein possess eight cysteine residues.
WTA sequence was aligned with other 2S albumin from several different plant species. Those include (1) Cari1, putative allergen Carya illinoinensis (Pecan) (GenBank ID -AAO32314.1), (2) Sesi1 from Sesamum indicum (GenBank ID -XP_011095387.1), (3) RicC3 from Ricinus communis (GenBank ID -42543303), (4) Arah6 Allergen from Peanut (Arachis Hypogaea) (GenBank ID -159163254), (5) Jugr1 from Juglans nigra (GenBank ID -AAM54365.1),(6) Arah2 from Arachis Hypogaea (GenBank ID -147639154), (7) Anao3 from Anacardium occidentale (GenBank ID -AAL91665.1),(8) Bere1 from Bertholletia excelsa (GenBank ID -ACI70207.1) and (9) Pisv1 from Pistacia vera (GenBank ID -ABG73108.1). The Sequence analysis also shows that the position of these eight cysteine residues is well conserved (Figure 6) . A high content of glutamine is present in all sequences; however, there is no conservation in glutamine positions on the alignment or in the length of the glutamine domain. There is a an additional stretch of ~20 residues. This long stretch mostly consists of glutamine residues. The glutamine residues provide a major source of NH 4 , macronutri- ent required during seedling development [59, 60] . The above analysis suggests that storage function of a protein no longer depends on a standard amino acid position in the sequence.
Structure Analysis
To investigate the conserved residues which are exposed and might be involved in the DNase and antimicrobial activity, a molecular structure of WTA, a heterodimeric model of the protein was build using homology modeling approach. pBLAST search against PDB gave 40% homology with RicC3, a 2S albumin storage protein from Ricinus communis (PDB:1PSY) [49] and 24% homology with methionine-rich 2S albumin protein from Helianthus annuus (PDB:1S6D) [52] with a very high E-value.
The alignment between WTA and already known 2S albumin suggests low sequence homology in 2S albumin family, however the correlation of cysteine scaffolds, point towards their conserved structural fold [60] . Therefore the model of WTA was build using Modeller 9.14. The model was generated using PDB 1PSY as a template and model with lowest DOPE score and protein disulphide bond was considered for further energy minimization. The model with lowest DOPE score (-8664.80) and proper disulphide bond formation was energy minimized. The energy of the minimized model was -9217.00 kcal/mol and this model was subjected PROCHECK, ERRAT and ProSA energy analysis for validation and quality assessment ( Figure 7A) .
WTA model comprises of five amphipatic helices H1α (Cys43-Lys50), H1β (Leu54-Leu61), H2 (Leu84-Ser94), H3 (Glu98-Phe108) and H4 (Val141-Cys156); arranged in a right-handed superhelix; the fold observed in nonspecific lipid transfer proteins (nsLTPs). The helix H1α and H1β are part of the smaller subunit (Asn34-Asn74) and helix H2, H3 and H4 are part of the larger subunit (Gln75-Gln163) ( Figure  7B) . The ramachandran plot show that only three residues (Tyr51, Ser64 and His78) are in the disallowed region (Figure 7C) . The Tyr51and Ser64 lie in the loop region of smaller subunit whereas His78 lie in the loop region of larger subunit. The Tyr51 is located in the loop region connecting helix H1α to H1β. While the other two residues are present in the loop region (Gln62-Gln83) containing the vacuolar cleavage site. The Asn74 lie in the loop region connecting helix H1β to H2. The loop region consists of hydrophilic amino acids and it protrudes away from the surface.
The five helices of WTA are well connected by four disulphide bonds Cys43-Cys99 connect helix H1α to H3 whereas Cys57-Cys88 connect helix H1 β to H2 forming interchain bonds. The Cys89-Cys156 connects helix H2 to H4 and Cys101-Cys162 connects helix H3 to C-terminal loop region ( Figure 7B) . These disulphide bonds are involved in stabilization of the tertiary structure. The residues of helix H3 and H4 form the inner core of the WTA protein and are mostly composed of hydrophobic residues. Structural superimposition of H. annuus albumin over WTA shows that the position of the loop region connecting helix H3 to H4 is of variable length. The inner core of the WTA protein is composed of hydrophobic residues. The positive electrostatic surface potential acts as the region of the binding region DNA molecule [61] . There are 12 arginine and 3 lysine residues found in the mature WTA protein. Most these residues are located on the surface of the protein ( Figure 7D) . The study on SiAMP2 shows that hydrophobic and cationic residues are the cause of antibacterial of the protein [54] . The presence of hydrophobic and cationic residues on the surface of WTA suggests these residues may be involved in defining the antimicrobial activity of the protein.
Epitope Mapping
For finding the epitopes present on the 2S albumin from Wrightia tinctoria, the sequence of the protein was given as input to Bepipred Linear Epitope Prediction webserver. The program scores each residues of the protein to identify its plausibility to form an epitope. The output is shown in the form of a graph where residues score is represented across the Y-axis and the residue number is represented across Xaxis ( Figure 8A) . A table marking the starting and ending location of the epitope is shown in Figure 8B . Six epitopes of variable lengths were identified in the WTA sequence, two of these epitope regions were of 26 The epitope region 1 is located in the N-terminal region. Since Asp33 is the cleavage site for vacuolar proteases, so this region will be removed from the mature WTA; therefore the actual epitope region will reduce to 20 amino acids (Asn34 -Leu54). This region will include H1α (Cys43-Lys50) and 4 residues of loop region connecting the helix H1α to H1β. The epitope region 5 is 29 residue long loop region connecting helix H3 to H4. This region is referred to as hypervariable loop región and has been known to form the immunodominant part of the protein [25, 29, 62, 63] . Sequence and structural analysis shows that the epitope region of WTA is long as compared to other known allergens.
CONCLUSION
Our results, evidently show that WTA protein possess DNase and antibacterial activity. The conservation of cysteine scaffolds in spite of sequence divergences among 2S albumin family shows that structure among 2S albumin is relatively conserved. These cysteine residues are involved in providing enhanced stability to the 2S albumin structure. A biological role in the DNase and antimicrobial activity of 2S albumin is supported by the presence of a basic residue patch on the protein surface. The albumin is present in large amount in the seeds as storage proteins. These proteins are shown to interact with IgE and produce an allergic response.
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